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The  nonlinear  behavior  of  the  collisional  Rayleigh-Taylor  instability  is  studied  in  equatorial 
Spread  F by  including  a dominant  two-dimensional  nonlinearity.  It  is  found  that  on  account  of 
this  nonlinearity,  the  instability  saturates  by  generating  damped  higher  spatial  harmonics.  This 
saturated  power  spectrum  for  the  density  fluctuations  goes  like  (^;  A comparison  between 
experimental  observations  and  theory  is  presented. 
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NONLINEAR  THEORY  OF  THE  COLLISIONAL  RAYLEIGH-TAYLOR 
INSTABILITY  IN  EQUATORIAL  SPREAD  F 


It  Is  generally  believed  now  that  the  phenomenon  of  equatorial 
Spread  F is  initiated  by  a collisional  Rayleigh-Taylor  instability 
occuring  in  the  evening  time  bottomside  equatorial  F region  [Balsley 
et  al.  1972;  Haerende 1 , 197^;  Scannapieco  and  Ossakow  I976I . Recent 
experimental  evidence  supports  this  postulate  [Kelley  et  al.  1976; 

Woodman  and  LaHoz  1976  ; McClure  et  al.,  1977]*  This  instability  is 
believed  to  generate  large  transverse  scale  sizes^  on  the  order  of 
several  kms.  Whereas  at  shorter  scalelengths, a variety  of  other  physical 
effects  are  believed  to  take  place,  for  exany le , transition  to  collision- 
less Rayleigh-Taylor  excitation,  drift  wave  excitation  due  to  linear  or 
nonlinear  processes,  etc.  [Hudson  and  Kennel.  1975;  Haerende 1,  197^; 
Chaturvedi  and  Kaw,  1976] . In  the  present  paper,  we  confine  ourselves 
to  the  question  of  nonlinear  saturation  of  the  collisional  Rayleigh- 
Taylor  instability  occuring  at  large  scale  sizes.  In  so  doing,  we  find 
that  the  two-dimensional  nonlinearity  in  the  continuity  equation 

is  the  most  dominant  one,  and  leads  to  a saturation  of  the  linear  insta- 
bility through  nonlinear  excitation  of  linearly  damped  spatial  harmonics. 
The  saturated  density  fluctuations  amplitudes  are  presented  and  are  dis- 
cussed in  the  light  of  available  experimental  observations. 


We  now  wish  to  present  the  two-dimensional  analysis  of  the  nonlinear  . ^ 

SecthM  □ 

collisional  Rayleigh-Taylor  Instability.  For  simplicity  we  use  a slab  ^ 

geometry  for  the  nighttime  bottomside  equatorial  Spread  F ionosphere. 

in 
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A 

which  the  z-axis  Is  along  the  magnetic  field,  the  x-axis  is  vertically 
upwards,  and  the  y-axis  points  eastwards.  The  background  ionospheric 
electron  density  gradient  is  thus  along  the  x-axis,  and  the  acceleration 


due  to  earth  s gravity  is  antiparallel  to  it.  The  two-fluid  equations  describing  the  system 


are 


Bn 

- -I-  V • (n  V ) » - v_  (n  -n  ) 

B t a-a  R a ao 


0 = -T  7n  -en 
e e e 


Cv  xB  \ 

Vi  ( ^ -i  “ ■'^i^"i  ^ ~^'c  ”) 


(1) 

(2) 


(5) 


■e  m^n^£  - 


7 • J = 0 

ik) 

J » ne(v  - V ) 

— — i — e 

(5) 

where  the  subscript  a denotes  species  e 'electron),  i (ion);  n is 
density;  v is  velocity;  is  the  recombination  rate  (note  that  n^^ 
is  the  equilibrium  density  such  that  in  equilibrium  the  right  hand  side 
of(l)  is  zero);  T is  temperature;  the  electric  field  E * - 7rf;  m is  the 
mass;  ^ is  the  ambient  magnetic  field,  c is  the  speed  of  light;  g is 
the  acceleration  of  gravity;  e is  the  electronic  charge;  and  is  the 
ion-neutral  collision  frequency.  In  the  following  treatment,  we  ignore 
ion  inertia  (valid  for  large  scale  sizes),  temperature  effects  and  any 
zero-order  electric  fields.  Then  the  ions  drift  with  respect  to  electrons, 
with  an  equilibrium  velocity  given  by  (H^  = eB^/m^c) 
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1 


lo  n 


g X z V. 

Z + in  „ 

Cl  ^ n^'  S. 


Further,  the  ion  continuity  equation  and  Eq.  (4)  can  be  written  as, 


respectively 


A 'Y  A 
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'TT  * + • V(nv  )] 


C7^  X z 
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A 
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n — * - “b^  ^“''in''^  “ ° 


where  tilde  denotes  the  perturbation  and  we  have  assumed  n n ^ n. 

e i 

Equation  (7)  can  be  rewritten,  using  Eq.  (8),  as 


6n  cVe  X z 
5t  " B 


Vn  + v_  n 
o R 


c 7?  X z 


Equations  (3)  and  {9'!  describe  the  nonlinear  collisional  Rayleigh-Taylor 
instability.  Linearizing  (S'  and  (9),  the  set  readily  yields  an  absolute 
instability  with  a growth  rate  given  by  (for  waves  propagating  horizontally 
and  perpendicular  to  B ) 


Lv,  R 

in 


1 

where  L”^  = . ° . 

n dx 
o 

The  nonlinear  terms  In  ^8)  and  (9)  are  the  last  terms  in  (8)  and  the 
term  on  the  right  hand  side  of  (9).  A comparison  between  the  two  shows 
that 


cV^xz 


Vn 


B n, 
o i 


V (nv . ) 

in 


in 


Thus  we  find  that  the  most  important  nonlinearity  in  the  present  case 
is  the  one  in  the  continuity  equation,  . It  should  be  mentioned 

here  that  this  nonlinearity  is  Important  only  for  a two-dimensional 
perturbation  and  is  vanishingly  small  for  a one-dimensional  case.  An 
elaborate  discussion  of  the  relative  Importance  of  this  nonlinearity 
can  be  found  in  the  work  of  Rognlein  and  Weinstock  [ 197^1 • They  have 
investigated  the  effects  of  this  nonlinearity  in  the  two-dimensional  case 
for  the  cross-field  instability  in  the  equatorial  E region  electrojet. 
Physically,  the  cross-field  instability  is  analogous  to  the  Rayleigh- 
Taylor  instability  (see,  for  example,  Sudan  et  al. , 1973)  hence  the 
similarity  between  their  nonlinear  saturation  mechanisms.  In  a one- 
dimensional  case,  the  important  nonlinearity  for  the  Rayleigh-Taylor 
instability  is  the  one  in  Eq.  (8)  (note  that  in  a collisionless  case, 
the  Pedersen  effects,  ~ replaced  by  polarization  ion  inertial 

drift  effects),  and  the  evolution  of  the  instability  can  be  markedly  dif- 
ferent , see  Chaturvedi  and  Raw.  1975»  where  they  have  discussed  the 
collisionless  case  in  one-dimension).  In  the  following,  we  discuss  the 
two-dimensional  effects  for  the  collislonal  case  only  and  our  analysis 
parallels  the  treatment  of  Rognlein  and  Weinstock  [ 197^1 • 
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We  treat  Eq.  vSI  linearly,  and  write 


T = 

* = — 


iB 


(11) 


where 


in  3 


k n 

? --j  and  c ^ » T/m 
‘^c  3 i 


In  Eq.  (9),  the  eecond  term  givee  growth  of  the  perturbations,  while  the 
third  represents  the  recombination  damping.  We  can  rewrite  this  equation 


as 


bn  ~ . c7jxz 

- yn  + 3 7n 


(12) 


where  y denotes  the  net  growth  (damping)  of  modes.  Consider  a perturba- 
tion of  the  form 


n. 

■— — “ sin  (k^-(Dt)  cos  k^Ji 


(13a) 


and  the  associated  potential  perturbation,  from  (11) 


*1  “ cos(kyy  - ujt)  cos  k^x 


(15b: 


Use  of  (13a)  and  (13b)  in  the  nonlinear  term  of  (12)  readily  shows  that 


'I  a 

cTdxz 


Vn-n^^- 


^ fek  Af 

2v . _ k^  X 


in 


'0 


sin  2k  X 
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(14) 
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Equation  (l4)  shows  that  the  interaction  of  a mode  given  by  (15)  on 
itself  nonlinearly  generates  a spatial  harmonic  in  the  x-direction 
through  the  nonlinear  term  in  ;i2).  We  denote  this  harmonic  by 
(n/n  ' ^ A-  , sin  2k  x,  and  it  can  be  verified  easily  from  ,12) 
that  it  is  linearly  damped  by  recombination.  The  interaction  of  this 
linearly  damped  mode  with  the  linearly  growing  mode  through  the  non- 
linearity in  (12),  introduces  a nonlinear  damping  for  the  linearly  un- 
stable mode. 


~ A 

CV0^^3^X2 


n = ,"2  k — ® A,  , Ap  o ) 

' "'in  ^ ’ • 


3in(k  v-fjjt  icosk  x cos  2k  x 


These  interactions  can  be  written  down  explicitly  in  the  form  of  mode 
coupled  equations  by  substituting  a general  perturbation  of  the  form 


= ‘^1,1  sin(kyy-<i)t ) cosk^x  + Ag  o 


in  Eq.  (12).  Upon  doing  so,  we  get 


A,  , - 2Qf  A.  lA^  . 


2,0  . . a 

rt \,o  — *1,1 


k ^ g 


where  the  coupling  coefficient  o = k^  — 


In  the  steady-state, 


» 0,  and  we  obtain  from  17)  and  'l8): 

1 1 


6 


(19) 


We  note  chat  the  saturated  amplitude  of  Che  linearly  damped  mode  turns 
out  to  be  larger  than  chat  of  the  linearly  growing  mode,  as  was  the 
case  for  the  cross-field  instability  too  [Rognlein  and  Weinstock,  197^1 • 

In  the  above  analysis  we  have  considered  the  interaction  between  two 
modes  only;  however,  in  reality,  many  modes  should  be  considered.  Hence, 
Che  actual  saturation  of  Che  linear  instability  might  Cake  place  after  a 
generation  of  several  harmonics.  Thus,  estimates  given  by  (19)  and  (20) 
might  represent  overestimates.  However,  a crude  estimate  may  still  be 
made  of  Che  saturated  amplitudes  for  the  coherent  wave  observations  of 
Dyson  et  al.  C 197^1 • At  ~ 425  Ions,  altitude,  if  we  assume  L 30  kms, 
then  the  density  fluctuation  is  =»  0.^  which  is  on  the  order  of  observed 
magnitude.  An  initial  problem  with  several  modes  requires  solving  the 
coupled  mode  equations  numerically,  and  such  investigation  is  currently 
in  progress. 

The  above  analysis  clearly  represents  a coherent  evolution  of  the 
primary  instability  which,  on  account  of  the  nonlinear  harmonic  generation, 
is  likely  Co  be  a steepened  structure  observational ly.  Such  structures 
would  have  a spectral  power  law  going  as  ~ k”^  (see  Eq.  19),  which  is 
what  the  observations  suggest  too.  On  the  other  hand,  a turbulent  gen- 
eration of  drift  waves  by  the  primary  irregularities  would  also  lead  to 


7 


a k~~  law  obeying  speccnun  of  irregularities  .Chaturvedi  and  Kaw,  1975; 

1976^ . Thus  an  experimental  distinction  can  be  made  between  the  two 
kinds  of  conditions  by  doing  phase  correlation  measurements  on  the  irregu- 
larities. i'  coherent  evolution  would  show  a phase-correlated  spectrum;  whereas, 
a turbulent  case  would  correspond  to  a randomly- phased  spectra. 

Finally,  a few  words  on  the  subject  of  irregularities  on  the  topside 
and  a lower  limit  on  the  scale  sizes  from  physical  considerations.  It  is 
widely  agreed  now  that  the  irregularities  growing  on  the  boCtomside,  con- 
vent up  (and  down)  due  to  ExB  drifts  associated  with  the  local  polarization 
electric  fields  [Kelley  et  al..  197^;  Woodman  and  LaHoz,  1976;  Scannapieco 
and  Qssakow,  1976] . A crude  estimate  of  these  irregular  convective  ve- 
locities (which  can  be  associated  with  the  Spread  F bubbles)  is 


where  5n  represents  the  local  density  fluctuation.  As 


these  irregularities  convent  up  to  the  topside  and  create  irregularities 
there,  they  generate  smaller  scale  sizes  due  to  the  well  known 
two-step  process,  through  the  drift  instability.  Now  it  is  well  known 
that  the  kinetic  drift  instability  has  a maximum  growth  rate  at  ^ 1 

'where  is  the  ion  gyroradius),  and  nonlinear ly  also,  the  spectra  of 
kinetic  drift  waves  peaks  at  ^ 1 [Kadomtsev,  I965I  • Hence,  the 

minimum  scale  size,  to  be  observed  in  the  equatorial  Spread  F region  may 
be  of  the  order  of  ion  gyroradius,  i.e.,  ~ 3 meters.  This  may  qualitatively 
explain  the  cut-off  observed  at  3 nieters  in  the  irregularity  spectrum  by 

Woodman  and  Basu  [ 1977"^  • 
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OICY  ATTN  WWMCCS  EVAL  OFC  .YR  . TQMA 


ASO  CC31)  C5Y3TEiViS) 

30224,  THE  PENTAGON 
.•<ASr  INGTON,  O.C.  20  30  1 

OICY  ATTN  OR.  H.  EPSTEIN 
OICY  OR.  J.  3A8COCK 


WWMCCS  system  engineering  ORG 

WASHINGTON,  O.C.  20305 

OICY  ATTN  R.  L.  CRAWFORD 


COMMANOER/DIRECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
U.S.  ARMY  electronics  COMMAND 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

OICY  ATTN  DRSEL-BL-SY-S  F.  E.  NILES 


DIRECTOR 

BMD  ADVANCED  TECH  CTR 
HUNTSVILLE  OFFICE 
P.  0.  BOX  1500 
HUNTSVILLE,  AL  35307 

OICY  ATTN  ATC-T  MELVIN  T.  CAPPS 
OICY  ATTN  ATC-0  W.  DAVIES 
OICY  ATTN  ATC-R  DON  RUSS 


PROGRAM  MANAGER 
BMD  PROGRAM  OFFICE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  DAC3-BMT  JOHN  SHEA 


CHIEF  C-E  SERVICES  DIVISION 
U.S.  ARMY  COMMUNICATIONS  CMD 
PENTAGON  RM  1B259 
WASHINGTON,  O.C.  20310 

OICY  ATTN  CC-OPS-CE 


commands  r 

MARRY  DIAMOND  LABORATORIES 
2300  POWDER  MILL  ROAD 
ADELPHI,  MD  20783 

CCNWDI-INNER  ENVELOPE:  ATTN;  DRXDO-RBH) 
OICY  ATTN  MILDRED  M.  WEINER  ORXDO-TI 
OICY  ATTN  DRXDO-RB  ROBERT  WILLIAMS 
OICY  ATTN  DRXDO-NP  FRANCIS  N.  WIMENITZ 
OICY  ATTN  DRXDO-NP  CYRUS  MOAZED 


DIRECTOR 

TRASANA 

WHITE  SANDS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR 
OICY  ATTN  ATAA-TAC  LTC  JOHN  HESSE 


COMMANDER 

U.S.  ARMY  COMM-ELEC  ENGRG  InSTAL  AGY 
FT.  HUACHUCA,  AZ  85613 

OICY  ATTN  EED-PED  GEORGE  LANE 


COMMANDER 

U.S.  ARMY  ELECTRONICS  COMMAND 
FORT  MONMOUTH,  NJ  07703 

OICY  ATTN  DRSEL-NL-RD  H.  S.  BENNET 
OICY  ATTN  DRSEL-PL-ENV  HANS  A.  BOMKE 


COMMANDER 

U.S.  ARMY  FOREIGN  SCIENCE  & TECH  CTR 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 

OICY  ATTN  P.  A.  CROWLEY 
OICY  ATTN  R.  JONES 


COMMANDER 

U.S.  ARMY  MATERIEL  DEV 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 
OICY  ATTN  DRCLDC 


5 READINESS  CMD 


J.  A.  BENDER 
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COMMANDER 

U.5.  ARMY  NUCLEAR  AGENCY 
FORT  3LISS,  TX  79916 

OICY  ATTN  MONA-WE  J.  3ERBERET 


DIRECTOR 

U.S.  ARMY  ballistic  RESEARCH  LABS 
ABERDEEN  PROVING  GROUND,  MD  21005 
OICY  ATTN  LAWRENCE  J.  PUCKETT 


COMMANDER 

U.S.  ARMY  SATCOM  AGENCY 
FT.  MONMOUTH,  NJ  07703 

OICY  ATTN  DOCUMENT  CONTROL 


COMMANDER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDSTONE  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAMBLE 


CHIEF  OF  NAVAL  OPERATIONS 
NAVY  DEPARTMENT 
WASHINGTON,  D.C . 20350 

OICY  ATTN  OP  943  LCDR  HUFF 
OICY  ATTN  ALEXANDER  BRANDT 
OICY  ATTN  RONALD  E.  PITKIN 


CHIEF  OF  NAVAL  RESEARCH 
NAVY  DEPARTMENT 
ARLINGTON,  VA  22217 

OICY  ATTN  CODE  413 
OICY  ATTN  CODE  461 


COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
naval  ELECTRONIC  SYSTEMS  CMD  HQS 
WASHINGTON,  D.C.  20360 

OICY  ATTN  NAVALEX  034  T BARRY  HUGHES 

OICY  ATTN  PME  117-T  SATELLITE  COMM  PROJECT  OFF 

OICY  ATTN  PME  117 


COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
4301  SUITLAND  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20390 

OICY  ATTN  MR.  DUBBIN  STIC  12 
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commander 

naval  ocean  systems,  center 
SAn  DIEOO,  CA  92152 

GICY  ATTN  william  F.  MOLER 

ATTN  CODE  0230  C.  3AGGETT 
'N  CODE  2200 
TM  R.  EASTMAN 


0IR5C  roR 

naval  research  laboratory 
WASHINGTON,  O.C.  20375 

OICY  ATTN  CODE  7700  TIMOTHY  P.  COFFEY 

03CY  ATTN  CODE  7701  JACK  D.  3ROWN 

OICY  ATTN  CODE  7750 

OICY  ATTN  CODE  5900  BRUCE  WALD 

03CY  ATTN  CODE  5950  TELECOMMUNICATIONS  SYSTEMS  TECH. 

commander 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLGREN,  VA  22998 

OICY  ATTN  CAPT  J.  H.  BURTON 


COMMANDER 

naval  Surface  weapons  center 
WHITE  oak,  silver  spring,  MO  20910 

OICY  ATTN  CODE  WA501  NAVY  NUC  PRGMS  OFF 


DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
NAVY  DEPARTMENT 
WASHINGTON,  D.C.  20375 
OICY  ATTN  NSP-2191 

OICY  ATTN  NSSP-2722  FRED  WIMBERLY 


NAVAL  SPACE  SYSTEM  ACTIVITY 
P.  0.  BOX  92960 
WORLDWAY  postal  CENTER 
LOS  ANGELES,  CALIF.  90009 

OICY  ATTN  A.  8.  HAZZARD 


commander 

AOC/DC 

ENT  AF3,  CO  80912 
OICY  ATTN  DC 


MR.  LONG 


COf^MANDER 
ADCOM/XPD 
ENT  AF3,  CO  30912 

OICY  ATTN  XPQDQ 


AF  GEOPHYSICS  LABORATORY,  AFSC 


HANSCOM  AFB 

, MA 

01731 

OICY 

ATTN 

OPR 

HAROLD 

GARDNER 

OICY 

ATTN 

OPR 

JAMES  C 

. ULWICK 

0 ICY 

ATTN 

LKB 

KENNETH 

S.  W.  CHAMPION 

0 ICY 

ATTN 

OPR 

ALVA  T. 

STAIR 

0 ICY 

ATTN 

SUOL 

RSCH  LIB 

OICY 

ATTN 

PHP 

JULES  AARONS 

OICY 

ATTN 

PHD 

JURGEN 

BUCHAU 

0 ICY 

ATTN 

PHD 

JOHN  P. 

MULLEN 

AF  WEAPONS  LABORATORY,  AFSC 
<IRTLAND  AFB,  NM  87117 
OICY  ATTN  SUL 

OICY  ATTN  CA  ARTHUR  H.  GUENTHER 
OICY  ATTN  DYC  CAPT  L.  WITTWER 
OICY  ATTN  SAS  JOHN  M.  <AMM 
OICY  ATTN  DYC  CAPT  MARK  A.  FRY 


AFTAC 

PATRICK  AFB,  FL  32925 

OICY  ATTN  TF/MAJ  WILEY 
OICY  ATTN  TN 


j 

I 


AIR  FORCE  AVIONICS  LABORATORY,  AFSC 
WRIGHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  AAO  WADE  HUNT 
OICY  ATTN  AFAL  AA8  H.  M.  HARTMAN 
OICY  ATTN  AAD  ALLEN  JOHNSON 


HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/XR 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  XRC  LTC  J.  MORIN 
OICY  ATTN  XRE  LT  MICHAELS 


HEADQUARTERS 

ELECTRONIC  SYSTEMS  OIVISION/YS 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  YSEV 
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commander 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WR I GHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  NICD  library 
OICY  ATTN  ETD  B.  L.  BALLARD 


HQ  USAF/RD 

WASHINGTON,  O.C.  20330 
OICY  ATTN  RDQ 


COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFFISS  AFB,  NY  13440 

OICY  ATTN  EMTLD  DOC  LIBRARY 
OICY  ATTN  OCSE  V.  COYNE 


SAMSO/SZ 

POST  OFFICE  BOX  92960 

worldway  postal  center 
LOS  ANGELES,  CA  90009  • 

(SPACE  DEFENSE  SYSTEMS) 

OICY  ATTN  SZJ  MAJOR  LAWRENCE  DOAN 


COMMANDER  IN  CHIEF 
STRATEGIC  AIR  COMMAND 
OFFUTT  AFB,  NB  68113 

OICY  ATTN  XPFS  MAJ  BRIAN  G.  STEPHAN 
OICY  ATTN  ADWATE  CAPT  BRUCE  BAUER 
OICY  ATTN  NRT 


HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION  (AFSC) 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  JIM  DEAS 


SAMSO/YA 
P.  0.  BOX  92960 
WORLDWAY  postal  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  YAT  CAPT  L.  BLACKWELDER 


SAMSO/S< 

P.  0.  BOX  92960 
WORLDWAY  postal  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  SKA  LT  MARIA  A.  CLAVIN 


SA.mSC/MN 

\CRT0N  Ar3,  CA  52A19 
C'^INU"  = MA,N) 

QIC''  ATTN  MN^4L  LTC  KENNEDY 


commander 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
MANSCOM  Ap3,  MA  01733 

OICY  ATTN  ETEI  A.  LORSNTZEN 


■J.S.  ENERGY  AND  DEV  ADMIN 


EGSG,  INC. 

LOS  alamos  division 
0.  BOX  809 

LOS  alamos,  NM  85544 

OICY  ATTN  JAMES  R.  BREEDLOVE 


UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 

OICY  ATTN  TECH  INFO  DEPT  L-3 
OICY  ATTN  RONALD  L,  OTT  L-531 
OICY  ATTN  DONALD  R.  DUNN  L-156 
OICY  ATTN  RASPM  S.  HAGER  L-31 


LOS  alamos  SCIENTIFIC  LABORATORY 


P.  0.  BOX 

1663 

LOS  ALAMOS 

, NM 

87545 

OICY 

ATTN 

DOC 

CON 

FOR 

ERIC 

LINDMAN 

OICY 

ATTN 

DOC 

CON 

FOR 

R.  F 

. TASCHEK 

0 ICY 

ATTN 

DOC 

CON 

FOR 

ERIC 

JONES 

0 ICY 

ATTN 

DOC 

CON 

FOR 

JOHN 

S.  MALK 

OICY 

ATTN 

DOC 

CON 

FOR 

MARTIN  TIERNEY  J-10 

OICY 

ATTN 

DOC 

CON 

FOR 

JOHN 

Z INN 

SANDIA  LABORATORIES 
P.  0.  BOX  5800 
ALBUQUERQUE,  NM  37 
OICY  ATTN  DOC 

115 

CON 

FOR 

J . 

P.  MARTIN  ORG  1732 

OICY 

ATTN 

DOC 

CON 

FOR 

W. 

D.  BROWN  ORG  1353 

OICY 

ATTN 

DOC 

CON 

FOR 

A, 

DEAN  THORNBROUGH  ORG  1245 

OICY 

ATTN 

DOC 

CON 

FOR 

T. 

WRIGHT 

0 ICY 

ATTN 

DOC 

CON 

FOR 

D. 

A.  DAHLGREN  ORG  1722 
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CT,-E^  jOV£R\,M£NT 


DEPART^^ENT  OF  COMMERCE 
OFFICE  OF  telecommunications 
INSTITUTE  FOR  telecom  SCIENCE 
boulder,  CO  3Q502 

QICY  ATTN  william  F.  UTLAUT 
OICY  ATTN  G.  REED 


NATIONAL  oceanic  S ATMOSPHERIC  ADMIN 
environmental  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  30302 

OICY  ATTN  JOSEPH  H.  POPE 
OICY  ATTN  RICHARD  GRUBB 
OICY  ATTN  C.  L.  RUFFNACH 


NASA 

GODDARD  SPACE  FLIGHT  CENTER 
GREENBELT,  MD  20771 

OICY  ATTN  ATS-5  OFC  P.  CORRIGAN 


i 


1 
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department  of  defense  contractors 


aerospace  corporation 


P.  0.  BOX 

929  57 

LOS  ANGELES,  CA 

90009 

OICY 

ATTN 

IRVING 

M.  GARFUNKEL 

OICY 

ATTN 

T . 

M . 

SALMI 

OICY 

ATTN 

V . 

JOSEPHSON 

OICY 

ATTN 

S. 

P . 

BOWER 

OICY 

ATTN 

N. 

D. 

STOCKWELL 

OICY 

ATTN 

P . 

P . 

OLSEN  120  RM  2224E 

0 ICY 

ATTN 

F . 

E . 

BONO  RM  5003 

0 ICY 

ATTN 

J . 

E . 

CARTER  120  RM  2209 

OICY 

ATTN 

F . 

A. 

MORSE  A6  RM  2407 

analytical 

SYSTEMS 

ENGINEERING  CORP 

5 OLD  concord  ROAD 
BURLINGTON,  MA  01303 

OICY  ATTN  RADIO  SCIENCES 


BOEING  COMPANY,  THE 
P.  0.  BOX  3707 
SEATTLE,  WA  98124 

OICY  ATTN  GLEN  KEISTER 
OICY  ATTN  D.  MURRAY 


CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
3175  MIRAMAR  ROAD 
LA  JOLLA,  CA  92037 

OICY  ATTN  HENRY  G.  BOOKER 


BROWN  ENGINEERING  COMPANY,  INC. 
CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ROMEO  A.  DELIBERIS 


CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  technology  SQUARE 
CAMBRIDGE,  MA  02139 

OICY  ATTN  D.  3.  COX 

OICY  ATTN  J.  P.  GILMORE  MS  63 
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COMPU'E^  SCIENCES  CORPCRAI'ION 
0.  BOX  530 
6565  ARLINGTON  3lVD 
falls  CHURCH,  VA  22046 
OICY  ATTN  H.  BLANK 
OICY  ATTN  JOHN  SPOOR 


COMSAT  laboratories 
LINTHICUM  ROAD 
CLARKSBURG,  MD  20734 

OICY  ATTN  R.  R.  TAUR 


CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
ITHACA,  NY  14850 

OICY  ATTN  0.  T.  FARLEY  JR 


F3L  INC. 

495  JAVA  DRIVE 
Sunnyvale,  CA  94086 

OICY  ATTN  R.  K.  STEVENS 

OICY  ATTN  J.  ROBERTS 

OICY  ATTN  JAMES  MARSHALL 

OICY  ATTN  V.  L.  MOWER 

OICY  ATTN  C.  W.  PRETTIE 


FORD  AEROSPACE  S COMMUNICATIONS  CORP 
3939  FABIAN  WAY 
PALO  alto,  CA  94303 

OICY  ATTN  J.  T.  MATTINGLEY  MS  X22 


general  ELECTRIC  COMPANY 
SPACE  DIVISION 
valley  FORGE  SPACE  CENTER 
GODDARD  SLVD  KING  OF  PRUSSIA 
P.  0.  SOX  8555 
PHILADELPHIA,  PA  19101 

OICY  ATTN  M,  H.  BORTNER  SPACE  SCI  LAB 
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general  electric  company 

TEMPO-CENTER  rOR  ADVANCED  STUDIES 
815  STATE  STREET  (P.O.  DRAWER  QQ) 
SANTA  BARBARA,  CA  93102 
OICY  ATTN  DASIAC 
OICY  ATTN  DON  CHANDLER 
OICY  ATTN  TOM  BARRETT 
OICY  ATTN  TIM  STEPHENS 
OICY  ATTN  WARREN  S.  <NAPP 
OICY  ATTN  WILLIAM  MCNAMERA 
OICY  ATTN  B.  GAMBILL 
OICY  ATTN  MACK  STANTON 


GENERAL  RESEARCH  CORPORATION 

P.  0.  BOX  3587 

SANTA  BARBARA,  CA  93105 

OICY  ATTN  JOHN  ISE  JR 
OICY  ATTN  JOEL  GARBARINO 


GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(all  CLASS  ATTN:  SECURITY  OFFICER) 
OICY  ATTN  T,  N.  DAVIS  (UNCL  ONLY) 

OICY  ATTN  NEAL  BROWN  (UNCL  ONLY) 

OICY  ATTN  TECHNICAL  LIBRARY 


GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  DIV 
77  A STREET 
NEEDHAM,  MA  02194 

OICY  ATTN  MARSHAL  CROSS 


INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 

OICY  ATTN  J.  M.  AEIN 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  HANS  WOLFHARD 
OICY  ATTN  JOEL  BENGSTEN 


HARRIS  CORP,  E.S.D. 

P.  0.  BOX  37 
MELBOURNE,  FL  32901 

OICY  ATTN  ADV  PROG  DEPT  DR.  CARL  DAVIS 
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-S3,  [\C. 

: CIRCLE 

3EDPGRD,  ma  01730 

OICY  ATTN  DONALD  HANSEN 


INTL  TEL  S TELEGRAPH  CORPORATION 
5 0 0 'WASHINGTON  AVENUE 
NUTlEY,  nu  07110 

OICY  ATTN  technical  LIBRARY 


JAYCOR 

140  1 CAM  I NO  DEL  MAR 
DEL  MAR,  CA  92014 

OICY  ATTN  S.  R.  GOLDMAN 


JOHNS  HOPKINS  university 
applied  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MO  20810 

OICY  ATTN  DOCUMENT  LIBRARIAN 
OICY  ATTN  THOMAS  POTEMRA 
OICY  ATTN  JOHN  OASSOULAS 


LOCKHEED  MISSILES  £ SPACE  CO  INC 
P.  0.  BOX  504 
SUNNYVALE,  CA  91+088 

OICY  ATTN  DEPT  60-12 
OICY  ATTN  0.  R.  CHURCHILL 


LOCKHEED  MISSILES  AND  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  alto,  CA  91+30^+ 

OICY  ATTN  MARTIN  WALT  DEPT  52-10 

OICY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 


OICY  ATTN  BILLY 


KAMAN  SCIENCES  CORP 
P.  0.  BOX  7463 
COLORADO  SPRINGS,  CO 
OICY  ATTN  B . J . 


LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 
OICY  ATTN  IRWIN 


M.  MCCORMAC  DEPT  52-54 


80933 

BITTNER 


JACOBS 


_ ’ c _ 


LINCOLN  laboratory 
=.  0.  BOX  73 
wBxINGTON,  yA  02175 

OICY  ATTN  lib  A-082  for  CAVIO  M.  TOWLE 
OICY  ATTN  MR.  <,AlDEN  X113 
OICY  ATTN  lames  M.  PANNELL  L-246 
OICY  ATTN  0.  CLAR< 


MCDONNELL  DOUGLAS  CORPORATION 
5301  30L5A  AvENUE 
munTINGTON  beach,  CA  92647 
OICY  ATTN  N.  HARRIS 
CICY  ATTN  J.  MOULE 
OICY  ATTN  GEORGE  MROZ 
OICY  ATTN  BILL  OLSON 


MISSION  RESEARCH  CORPORATION 

735  STATE  STREET 

SANTA  BARBARA,  CA  93101 

OICY  ATTN  P,  FISCHER 

OICY  ATTN  W.  F.  CREVIER 

OICY  ATTN  STEVEN  L.  GUTSCHE 

OICY  ATTN  D.  SAPPENFIELD 

OICY  ATTN  R.  BOGUSCH 

OICY  ATTN  R.  HENDRICK 

OICY  ATTN  RALPH  <ILB 

OICY  ATTN  DAVE  SOWLE 

OICY  ATTN  F.  FAJEN 

OICY  ATTN  M.  SCHEIBE 

OICY  ATTN  CONRAD  L.  LONGMIRE 

OICY  ATTN  WARREN  A.  SChLUETER 


MITRE  CORPORATION,  THE 
P.  0.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  J,  C.  KEENAN 

OICY  ATTN  G.  HARDING 

OICY  ATTN  CHIEF  SCIENTIST  W.  SEN 

OICY  ATTN  S.  A MORIN 

OICY  ATTN  C.  E.  CALLAHAN 


PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERFIELD  BLVD. 

SANTA  MONICA,  CA  90404 

OICY  ATTN  F.  c.  field  UR 
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= "^YS[CAL  DrNAMiCS  INC. 

?.  0.  30X  21589 
SEATTLE,  ^A  98111 

OICY  ATTN  E.  J.  FREMOUW 


Physical  dynamics  inc. 

P.  0.  sox  1069 
BERKELEY,  CA  9‘+701 

OICY  ATTN  A.  THOMPSON 
OICY  ATTN  JOSEPH  a.  WORKMAN 


R S 0 ASSOCIATES 

P.  0.  BOX  9695 

MARINA  DEL  REY,  CA  90291 

OICY  ATTN  RICHARD  LATTER 
OICY  ATTN  FORREST  GILMORE 
OICY  ATTN  BRYAN  GABBARD 
OICY  ATTN  william  B.  WRIGHT  JR 
OICY  ATTN  ROBERT  F.  LELEVIER 
OICY  ATTN  william  J.  KARZAS 


RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  gOifOS 


OICY 

ATTN 

CULLEN  CRAIN 

OICY 

ATTN 

ED  BEDROZIAN 

SCIENCE  applications,  INC. 

P.  0.  BOX 

23  5 1 

LA  JOLLA, 

CA  92038 

OICY 

ATTN 

LEWIS  M.  LINSON 

OICY 

ATTN 

DANIEL  A.  HAMLIN 

OICY 

ATTN 

D.  SACHS 

OICY 

ATTN 

E.  A.  STRAKER 

0 ICY 

ATTN 

CURTIS  A.  SMITH 

0 ICY 

ATTN 

JACK  MCDOUGAL 

RAYTHEON 

CO. 

523  BOSTON  POST 

ROAD 

SUDBURY , 

MA  01776 

0 ICY 

ATTN 

BARBARA  ADAMS 

SCIENCE  APOi.  I CAT  [CN5  , INC. 
munt 5v  I '_le  division 
2109  CLINTON  AVENUE 
SUITE  700 

HUNTSVILLE,  Al  35805 

OICY  ATTN  dale  M.  DIVIS 
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